The sympathetic nervous system (SNS) is thought to divided according to their climacteric status (10 premenopausal and 10 postmenopausal women). No differplay an important role in the pathogenesis of essential hypertension and many studies have established a ence in NE values at rest was found between groups and subgroups. During head-up tilt test, Ln NE plasma relationship between plasma levels of norepinephrine (NE) and epinephrine (E) and sympathetic nervous values increased in normotensive and hypertensive groups; the rise was significantly higher in hypertensive activity (SNA).
Introduction
BP. 11, [16] [17] [18] There is evidence that the sympathetic nervous sysPostmenopausal hypertension could therefore be tem (SNS) plays an important role in the early ascribed to increased SNA in genetically predispathogenesis of essential hypertension, [1] [2] [3] [4] [5] [6] [7] and sevposed women with a particular limbic-hypothaleral studies both in animal and hypertensive man amic hyperreactivity to psychosocial stimuli 18 in have established a relationship between plasma catwhom oestrogen loss might be an important pathoecholamine levels and sympathetic nervous physiological mechanism. activity (SNA). 8, 9 The aim of the present study was, first, to test the Furthermore, psychoemotional influences have hypothesis of SNA in climacteric hypertensive been recognized as environmental stimuli capable of women by measuring BP, heart rate (HR) and plasma modulating the circadian variation of blood pressure norepinephrine (NE) and epinephrine (E) levels at (BP) and they may also determine a hypertensive rest and after physiological stimulation (head-up tilt state in genetically predisposed individuals. [5] [6] [7] [10] [11] [12] [13] test), 18, 19 and second to evaluate whether oestrogen Epidemiological studies on cardiovascular risk in deficiency modifies the relationship between hyperclimacteric women have demonstrated that the tension and SNA in the same women. number of postmenopausal hypertensive women is This study adopted a physiological rather than a greater than that of premenopausal hypertensive more specific psychological stimulus of SNS women of the same age. 14, 15 It has been emphasized because we believe that emotional stress cannot be that postmenopausal women are more exposed to accurately or ethically reproduced in a laboratory psychosocial stress which can produce a transient setting.
Ͼ90 mm Hg) with a history of 13-36 months of high calories derived from carbohydrates. It was essential to reduce all aromatic aminoacids in the diet. The BP, and 20 normotensive controls were selected.
Women were considered hypertensive if they had NaCl intake, however, was not restricted. Patients were thus instructed not to eat mature cheese, meat average DBP readings Ͼ90 mm Hg, determined after 5 min of recumbence on at least three separate extracts, broad beans, ripe grapes and chocolate and not to drink red wine. All SNA testing was perforoccasions. 20 Measurements were obtained with a standard mercury sphygmomanometer (SMS). med in the morning between 08.00 and 10.00, after overnight fasting, in a temperature controlled Each group included 10 premenopausal patients and 10 women who had undergone spontaneous (23°± 1°C) room. menopause (7-36 months of amenorrhea). Women were defined as premenopausal if their menstrual Head up tilt test cycle was regular or irregular, or had had amenorrhea for less than 6 months with plasma oestradiol All the outpatients had an indwelling catheter (Vecutainer System-Beckton Dickinson and Co, UT, Ͼ20 pg/ml and follicle-stimulating hormone (FSH) Ͻ40 mIU/ml. Women were defined as postmeno-USA) inserted in a vein of the antecubital fossa in one arm while a BP cuff was applied to the opposite pausal if they had amenorrhea for more than 6 months before enrolment in the study. They also arm. They were then allowed to rest for 30 min of quiet recumbence in a supine position (A). Subhad to have plasma FSH levels Ͼ40 mIU/ml and plasma oestradiol levels Ͻ20 pg/ml in two subsequently they were moved, by means of a tilting table with a footrest, to the upright position (65°) sequent measurements taken at a month's interval. The groups and subgroups were matched in terms (B), where they remained for 10 min and then lowered again to the supine position (C). Blood samples of age and body mass index (BMI) ( Table 1) .
Inclusion criteria were age between 48 and 54 for determinations of plasma NE and E levels were obtained both at 1 and 5 min before the head up tilt years and BMI of 25.6 ± 4.
21 Cigarette smoking, hormonal replacement therapy in the 6 months prior to test (resting phase), after 10 min in the upright position and 5 min after returning to the supine position the study, or any pharmacological therapy for hypertension 3 months before enrolment, were considered (recovery phase). NE and E basal values were obtained from the exclusion criteria. Patients with secondary causes of hypertension were also excluded. Secondary causes average of the two blood samples drawn during the resting phase. of hypertension were ruled out by routine urine analysis, blood chemistry profile, cardiologic evalu-BP and pulse rate (HR) were continuously monitored using an ICR Model 5200 ambulatory BP moniation and intravenous urography; 24-h urinary excretion of sodium, potassium catecholamine and tor (ABPM) (Spacelabs Inc, Hillisboro, USA). The machine was programmed to record at 2.5 min interaldosterone; plasma renin activity (PRA), cortisol, FT 3 I, FT 4 I, and thyroid-stimulating hormone (TSH) vals. BP was evaluated in the last 5 min of the resting supine position (basal values), during the were also determined. Isotope renography with or without captopril test, arteriography and renal vein 10 min of erect position and during the last 5 min of the recovery phase. Changes in SBP, DBP, HR sampling for PRA were performed when necessary. All outpatients had their clinical history taken and values and NE and E plasma levels were calculated. underwent a complete physical and laboratory examination, including a 12-lead electrocardiogram Laboratory procedures and a chest X-ray.
The study protocol was approved by the local For plasma catecholamines determination, 5 ml of venous blood were drawn into tubes containing ethical committee and written informed consent was obtained from each subject enrolled in the study. 50 ml of 0.01 M tripotassium ethylendiaminotetracetate (EDTA-K3 0.01 M). The blood was immediately centrifuged at 2200 cycles for 10 min at 4°C.
Study protocol
Plasma samples were then separated and kept at −30°C. Plasma catecholamines were determined by The week prior to the test, patients had to follow an isocaloric diet (1400 Kcalories) with 50% of the high-performance liquid chromatography with elec- Table 1 Clinical characteristics of hypertensive and normotensive climacteric women
Age (years) 50.9 ± 2.4 51.9 ± 1.5 51. trochemical detector as previously described. 22 The recovery was superior to 90%, inter-assay coefficient of variation was less than 4.5%, intra-assay coefficient of variation was less than 3%.
Statistical analysis
Data are reported as mean log (Ln) values ± standard deviations (s.d.). The clinical characteristics of hypertensive (H) and normotensive (N) climacteric women were evaluated using analysis of variance (ANOVA).
Non-normality of data was demonstrated by Shapiro-Wilks test. Non-equivalence of group variances was demonstrated by F-test for hemodynamic and catecholamine data. The lack of necessary requirements for ANOVA forced us to use the logarithimic transformation of data. The significance of the differences between the groups mean values was calculated from log (Ln) transformation of positively skewed data.
Group differences for continuous variables were evaluated by two-tailed t-test. Differences across tertiles of different hemodynamic and catecholamine measurements were examined by one-way ANOVA using Duncan's procedure to estimate which tertile differed significantly from others.
Statistical significance was assumed for P values Figures 1 and 2 show the error plots log (Ln) transformations of SBP and DBP values and of NE and E plasma levels related to the four subgroups of women and to the different positions (supine and upright). The differences were statistically confirmed (Table 2) . At rest ABPM SBP and DBP mean values were significantly lower in normotensive than in hypertensive women (Ln 4.7 ± 0.1 vs Ln 4.8 ± 0.1 and Ln 4.4 ± 0.1 vs Ln 4.5 ± 0.1 P Ͻ 0.01). Differences in BP baseline values were also observed between hypertensive and normotensive climacteric subgroups (N1 + N2, H1 + H2).
Results
During tilt, BP increased from supine to upright position and decreased when returning to the supine position in both normotensive and hypertensive subjects and in climacteric subgroups. These variations were statistically unsignificant. There significantly between groups and subgroups. During Table 2 ABPM: Ln (SBP-DBP mm Hg), heart rate (HR beats/min) mean values and Ln (NE-E) mean plasma levels (pg/ml) in normotensive and hypertensive climacteric groups and subgroups at rest (A), during tilt (B) and in recovery phase (C); relative changes (⌬) from B to A and from C to B 3.7 ± ‫ءء5.0‬ 3.9 ± ‫ءء6.0‬ 3.5 ± ‫ءء5.0‬ 0.18 ± 0.37 −0.37 ± 0.47 H2 2.7 ± ‫ءء7.0‬ 3.0 ± ‫ءء7.0‬ 2.8 ± ‫ءء6.0‬ 0.37 ± 0.46 −0.24 ± 0.36 N, H, 1, 2, as in Table 1 ; ABPM: ambulatory blood pressure monitor. *P Ͻ 0.05; **P Ͻ 0.01.
head-up tilt plasma Ln NE values increased in cant change in Ln NE plasma levels toward basal values was observed only in the hypertensive group normotensive and hypertensive groups; the rise was significantly higher in hypertensive than in normotLn −0.48 ± 0.27 H vs Ln −0.18 ± 0.10 N (P Ͻ 0.01) ( Table 2 ; Figure 3 ). Among the climacteric subensive women. The changes (⌬) above resting levels were: Ln 0.70 ± 0.30 H vs Ln 0.34 ± 0.08 N (P Ͻ 0.01) groups, NE increased in all women from supine to upright position; the greatest changes above resting (Table 2, Figure 3 ). In the recovery phase a signifilevels were seen in pre-and postmenopausal hypertensive women (Ln NE 95% confidence intervals 0.274 to 0.399 N 1 ; 0.304 to 0.401 N 2 ; 0.393 to 0.764 H 1 ; 0.621 to 1.033 H 2 ). The size of change (⌬) in H1 and H2 was statistically significant when compared to that observed in other subgroups (P Ͻ 0.01) (Figure 4) . From upright to supine position (recovery) a significant decrease in plasma Ln NE levels toward baseline values was noted in all women (P Ͻ 0.01); the changes (⌬) were however greater in hypertensive than in normotensive women (−0.48 ± 0.27 vs −0.18 ± 0.10) (P Ͻ 0.01) (Table 2, Figure 3 ).
In the climacteric subgroups, Ln NE decreased in all women; the greatest changes were seen in preand postmenopausal hypertensive women (Ln NE −0.293 H 2 ) (Figure 4) . logical stress, familiarity with the medical environment, prolonged fasting, length of time in supine position as well as caffeine and sodium intake. 28 Plasma NE levels are also partially influenced by neural uptake, re-uptake into non-neural tissue, bonding to postsynaptic receptors, diffusion from the synaptic cleft to the general circulation, metabolic degradation and renal excretion. 28 Without data concerning these factors, particularly NE clearance, we can only speculate on resting plasma NE levels and changes after postural stimulation, even though kinetic studies in hypertensive patients have demonstrated that NE clearance was similar to that of normal subjects. 8, 30, 31 Despite these limitations, valid evidence indicates In this study NE increased during tilt test more in hypertensive than in normotensive women, suggesting an SNS hyperactivity to postural stress in hyperThe size of change (⌬) in H1 and H2 was statistically significant when compared to that observed in tensive women. Previous studies showed a marked BP response to stress in predisposed hypertensive other subgroups (P Ͻ 0.01) (Figure 4) .
Plasma E levels at baseline, during tilt and in the subjects and in hypertensive rats with particular SNS hyperactivity to environmental stimuli. 32, 33 recovery phase differed between hypertensive and normotensive women and between hypertensive In addition, the greatest changes in NE values above resting levels elicited under stimulation in the and normotensive pre-and postmenopausal subgroups (P Ͻ 0.01). Significant changes (⌬) in E postmenopausal hypertensive subgroup, support the hypothesis that perimenopausal hypertension could values were observed in normotensive and hypertensive women only in recovery phase (P Ͻ 0.05).
be influenced by ovarian failure and suggest possible metabolic interactions between catecholamines ABPM SBP, DBP, HR, plasma NE and E mean ± s.d. Ln values at rest (A) during tilt (B) and in recovand catechol-oestrogens.
34,35
Cathecholoestrogens influence the hypertensive ery phase (C), are shown in Table 2 , the changes (⌬) in Ln SBP, DBP, HR, NE, E values from supine to effect of cathecholamines, 36 and oestrogen supplements in perimenopausal women are reported to upright position (B vs A) and again from upright to supine position (C vs B) are also reported. exert their hypotensive effects by selectively attenuating vasoconstrictor response to NE. 37 In this study the size of changes in Ln NE (95% confidence Discussion intervals) plasma levels was greater in hypertensive postmenopausal women when compared to that In this study we have found that hypertensive climacteric women had a statistically greater increase observed in other subgroups. The average basal Ln E plasma levels in our cohort in NE secretion after physiological stimulation (head-up tilt test) than normotensive women. The was abnormally influenced by hypertension or menopausal status. Hypertensive women had lower greater absolute increase in NE above resting values in hypertensive women was not related to lower Ln E basal values than normotensive, while Ln E values was significantly higher in postmenopausal basal levels since baseline NE values were similar in both groups (Table 2, Figure 2 ). This observation normotensive women than in the other subgroups. During head-up tilt an unsignificant increase in argues against an intrinsic sympathoexcitation as the cause of higher BP in recumbent posture.
Ln E was noted in all subgroups; in the recovery phase only hypertensive showed a greater decrease Great importance has been attributed to the SNS in the pathogenesis of essential hypertension, at than normotensive women. This anomalous behaviour should not be surprisleast in the initial phase. [1] [2] [3] [4] [5] [6] [7] Many studies have attempted to evaluate SNA by measuring plasma ing since basal levels of E do not provide useful information on SNA, and head-up tilt is used as a catecholamines (both venous and arterial) at rest and after stimulation. 9, 12, [26] [27] [28] However the interpretspecific test for NE stimulation. 
